Traditionally, wide surgical excision of lesions was the recommended treatment for M. ulcerans disease, as antibiotics were felt to be ineffective.
3, 4 However, recurrences are common with surgical treatment alone, occurring in 16%-30% of cases, [5] [6] [7] [8] and patients often require multiple operations, resulting in significant morbidity, time in hospital 6, 9 and cost to achieve cure. 10 Recently, antibiotics have been shown to be highly effective in sterilising lesions and preventing recurrences when used alone [11] [12] [13] or combined with surgery. 5 The World Health Organization now recommends combined antibiotic treatment for 8 weeks as first-line therapy for all M. ulcerans lesions, with surgery reserved to remove necrotic tissue, cover large skin defects and correct deformities.
14 Nev e r th e l es s, e sp ec i a l l y i n resource-rich settings where surgical services are readily available, exclusive surgical treatment still has a role for patients unable or unwilling to take antibiotics and those preferring the more rapid healing of small lesions that surgical excision and direct closure enables, compared with the often prolonged healing of lesions treated with antibiotics alone. 11, 13 In assessing a patient's suitability for exclusive surgical treatment, it is important to understand factors that increase the risk of recurrence. Previous studies have reported such risk factors, [5] [6] [7] but these analyses were univariable and did not control for other potentially confounding factors that may have influenced outcomes. Using data from an Australian observational cohort of patients with M. ulcerans infection from Victoria's Bellarine Peninsula, we performed a multivariable analysis to further describe risk factors for recurrence after exclusive surgical treatment.
Methods
Data on all patients with confirmed M. ulcerans disease managed at Barwon Health were collected prospectively from 1 January 1998 to 31 December 2011. All patients who received exclusive surgery without prior antibiotics were included in the study. Patients were selected for surgery by the treating clinician's choice rather than by specified criteria. The study was approved by the Barwon Health Human Research Ethics Committee.
Definitions
An M. ulcerans case was defined as the presence of a lesion clinically suggestive of M. ulcerans plus any of: a culture of M. ulcerans from the lesion; a positive polymerase chain reaction (PCR) test result from a swab or biopsy of the lesion; or a necrotic granulomatous ulcer with the presence of acid-fast bacilli consistent with acute M. ulcerans infection on histopathological examination of an excised lesion.
The position of a lesion was defined as distal if on or below the elbow or knee. Exclusive surgical treatment was surgical excision alone, without adjunctive antibiotics. A major excision involved use of a split skin graft or vascularised skin and tissue flap to cover the defect. Positive margins were defined as the presence of granulomatous inflammation or necrotic tissue extending to one or more surgical excision margins on histopathological examination. Immunosuppression was defined as current treatment at any dose with immunosuppressive medication (eg, prednisolone) or presence of an active malignancy.
Treatment failure was defined as disease recurrence within 12 months of follow-up. Recurrence was defined as a new lesion appearing in the wound, locally or on another part of the body that met the M. ulcerans case definition. If a patient had recurrent lesions that were treated with surgery alone, it was included as a further treatment episode.
Statistical analysis
Data were collected using EpiInfo 6 (Centers for Disease Control and Prevention) and analysed using Stata 12 (StataCorp). Outcome data were censored at the time of disease recurrence, up to 12 months of follow-up from surgical treatment or until 31 October 2012.
A random-effects Poisson regression model designed to account for correlation between treatment episodes in a single patient was used to assess rates of and associations with treatment failure. Crude rate ratios for all identified variables were determined by performing univariable analyses.
An initial multivariable analysis was performed using the a priori variables of sex and age. All variables showing strong evidence of an association with treatment failure in the crude analysis (P р 0.10) were then included (labelled major effect variables). The variable "duration of symptoms before diagnosis" was strongly associated with treatment failure on univariable analysis but, due to missing data, was not included in the multivariable model. All remaining variables were assessed but not included in the multivariable model as they showed evidence of multicollinearity with the major effect variables. P values were determined by the likelihood ratio test. A multivariable Poisson regression model including only first episodes of treatment was also performed to test whether associations persisted when multiple episodes in individual patients were excluded.
Results
Of 192 patients with M. ulcerans infection treated at Barwon Health during the study period, 50 (26%) had exclusive surgical treatment of an initial lesion. Baseline characteristics of patients and lesions are shown in Box 1. The median age of patients was 65.0 years (interquartile range
There were 58 treatment episodes: 45 patients had one treatment episode and four patients had two episodes. One patient (who was initially treated in 2002, before use of antibiotics for recurrences increased) had five surgical treatment episodes, each followed by a recurrence. Thirtyseven treatment episodes involved surgical excision and direct closure, 15 included a split skin graft, and six included a vascularised tissue flap.
There were 20 recurrences in 16 patients. The incidence rate was 41.8 (95% CI, 25.6-68.2) per 100 personyears for first recurrences over 38.3 years' follow-up, and 48.1 (95% CI, 31.0-74.6) per 100 person-years for all recurrences over 41.6 years' follow-up. The Kaplan-Meier curve for cumulative incidence of first recurrences is shown in Box 2. The median time to recurrence after treatment was 50 days (IQR, 30-171 days) for first lesions and 90 days (IQR, 33-171 days) for all lesions. Recurrence involved a lesion р 3 cm from the original lesion in 13 cases, and > 3 cm in nine (two patients had recurrences both р 3 cm and > 3 cm from the original lesion).
On univariable analysis, factors associated with treatment failure after surgery were age у 60 years, distal lesion position, positive margins, immunosuppression and duration of symptoms before diagnosis of  75 days (Box 3). On multivariable analysis, positive margins and immunosuppression remained strongly associated with treatment failure (Box 3). The 
Discussion
In our study, recurrence of M. ulcerans disease occurred in about a third of patients treated with surgery alone. This proportion is slightly higher than reported in studies from Africa (17%-22%) 6, 7 and northern Australia (11%). 15 In previous studies, we found adjunctive antibiotics were associated with a reduced risk of recurrence compared with surgery alone, especially if there were positive histological margins or patients had major surgery. 5, 16 Therefore, we recommend antibiotics as first-line therapy for M. ulcerans infection. However, there are patients in whom antibiotics are contraindicated, not tolerated or declined. We found 68% of patients were cured with a single surgical procedure, suggesting a role for exclusive surgical treatment as a potential alternative to antibiotics in selected cases. This study provides further prognostic information to aid decision making when considering whether surgery alone is appropriate.
We found that positive histological margins were associated with nearly an eightfold increased rate of treatment failure after surgery alone. This is likely due to incomplete excision of mycobacteria from the initial lesion, and the immune system being unable to clear them. A study from Africa similarly reported increased recurrence rates when excision was macroscopically incomplete. 6 Even when excisions are performed with wide margins of macroscopically normal tissue, evidence of infection extending to excision margins is found on microscopy and PCR testing in most cases. 17 Hence, we believe that histological examination of the excision margins to ensure they are free of signs of inflammation or infection is important to reduce the risk of recurrence. Nevertheless, M. ulcerans can spread subclinically from the initial lesion, including to non-contiguous body parts, 16, 18, 19 as shown in our study by 45% of recurrences occurring > 3 cm from the original lesion. These distant foci will not be removed by wide excision of the initial lesion alone. Studies from Africa have found increased recurrence rates in young patients (< 16 and < 30 years). 6, 7 In our region, the disease affects mainly older adults, 2 and there were not enough children in our patient population to examine this association. However, univariable analysis showed a 14-fold increased risk of recurrence in patients у 60 years old. An increase in the point estimate remained on multivariable analysis, but the evidence for an association was not strong. Nevertheless, it is plausible that, in older patients, a weakened immune system would allow more subclinical dissemination and thus greater risk of recurrence with surgery alone, and a study with greater patient numbers may find a stronger association. If true, this may explain the slightly higher recurrence rates seen in our older population compared with those reported from Africa. Our data suggest that until more evidence is obtained, caution should be exercised in treating patients aged у 60 years with surgery alone.
We found immunosuppression was associated with a sixfold increase in recurrence rates, which we believe is the first report of this association. This is biologically plausible, as T-cell immunity plays an important role in clearance of M. ulcerans, 20, 21 sometimes clearing infection in the absence of medical treatment. 22 Patients with an attenuated immune response may have an increased risk of recurrence. This is supported by evidence from Mycobacterium tuberculosis treatment, where it has been shown that HIVrelated immunosuppression is a risk factor for recurrence after treatment. 23 Similar to a study from the Ivory Coast, 7 our univariable analysis found an increased rate of recurrence when the duration of symptoms before diagnosis was longer than 75 days. This may relate to potentially increased dissemination of mycobacteria from a lesion when present in a clinically recognisable form for longer durations.
On multivariable analysis, there was a trend toward reduced recurrence risk with proximal lesions (P = 0.07), which may have been strengthened with greater patient numbers. Although this association may be due to chance, other possible reasons include improved local immunity in proximal body regions; proximal body parts being more frequently covered, potentially reducing exposure to M. ulcerans or inhibiting its growth through higher skin temperatures; 21 or wider excision margins being obtained due to easier closure of proximal wounds.
Our study has several limitations. First, it is observational and there may be other unmeasured confounders that could affect the validity of the findings. Second, the number of patients was small, affecting the power of multivariable analyses to detect weaker associations with identified variables. Third, there were no data on lesion size, so we could not measure its effect on outcomes. However, the included data on the type of surgery broadly separates small and large lesions, as small lesions are amenable to excision and direct closure, whereas larger lesions require split skin graft or vascularised flaps. Finally, missing data prevented testing the strength of the association of duration of symptoms before diagnosis in the multivariable model, thus weakening conclusions regarding its effect.
In conclusion, recurrence rates after exclusive surgical treatment of M. ulcerans infection in this Australian cohort are high, with increased rates associated with immunosuppression or positive histological margins on excised lesions. Our findings suggest that patients aged у 60 years and those who have had clinical symptoms longer than 75 days or with distal lesions may also be at increased risk of recurrent disease. Further research to validate these risk factors is recommended.
